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BSA：bovine serum albumin，牛血清白蛋白 
DTT：dethiothreitol，二硫苏糖醇 
EDTA：thylene minetetraacetic acid，乙二胺四乙酸 
ELISA：enzyme-linked immunosorbent assay，酶联免疫吸附测定法 
ESI Q-TOF: electrospray ionization-time of flight, 电喷雾串联质谱法 
His：Histidine，组氨酸 
IPTG：isopropyl-beta-D-thiogalactopyranoside，异丙基-β-D-半乳糖苷 
LC-ESI-QTOf：quadrupole time of flight hybrid，杂交四矩飞行时间质谱 
MBP：maltose binding protein, 麦芽糖蛋白 
MALDI-TOF MS：matrix-assisted laser desorption ionization-time of fligt Mass 
spectrometry，基质辅助激光解析电离飞行时间质谱 
ORF：open reading frame，开放阅读框 
OG：octyl glucopyranoside，辛基葡萄糖苷 
PAGE：polyacrylamide gel electrophoresis，聚丙烯酰氨凝胶电泳 
PBS：Phosphate Buffered Saline，磷酸盐缓冲液 
PMSF：phenylmethyl sulfonyl fluoride，苯甲基磺酰氟 
PTA：phosphotungstic acid，磷钨酸 
SDS：sodium dodecyl sulfate，十二烷基硫酸钠 
Sulfo-SBED：磺化-N-巯基琥珀亚胺激活酯 
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摘   要 
 







病毒 wsv311 基因的产物 VP26 是病毒的一个主要的囊膜蛋白，可能定位于
病毒的膜与核衣壳之间。我们利用生物素标记转移方法证明 VP26 能够特异性地
与核衣壳蛋白 VP51 发生相互作用。同样的方法反过来也可以证明标记过 的
VP51 上的生物素信号可以特异性地转移到 VP26 蛋白上。随后利用 Far-Western
进一步证明了膜蛋白 VP26 与 VP51 的相互作用。我们认为 VP26 是一个起着“链
接”作用的蛋白，在病毒中通过与 VP51 的相互作用将病毒的囊膜与核衣壳联系
起来。 
在 VP51 能够与 VP26 相互作用的基础上，我们以构建好的重组载体
pET-His-VP26 为模板，设计引物分别扩增出含突变的 VP26 基因片段的重组载
体。表达 VP26 的突变体蛋白并纯化，利用蛋白质相互作用的技术试图找到能够
与 VP51 相互作用的 VP26 结合区域。 
体外合成 VP26 的长双链 RNA 并将其注射到感染病毒的对虾体内，在不同的
时间用病毒检测试剂盒从病虾肌肉中提取病毒的基因组，通过荧光定量 PCR 




病毒的核衣壳在高浓度的盐（≥0.3 M）和 TE 缓冲液（10 mM Tris-HCl, 1 mM 
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上清中有可溶性的 VP95 蛋白的存在，而这部分的 VP95 蛋白是从病毒的核衣壳
上洗脱下来的。VP95 也是一个定位在病毒的膜与核衣壳之间的一个蛋白。通过
RNAi 实验沉默 vp95 基因，我们能观察到未包裹 DNA 的病毒粒子，充分说明 VP95
是病毒 DNA 包装进衣壳中的重要蛋白。我们推测 VP95 可能起着一个类似于塞子
的作用，在病毒的包装中塞住核衣壳顶端开口防止 DNA 释放出来，当塞子蛋白



































White spot syndrome virus (WSSV) is a large, rod-shaped, enveloped 
doubled-stranded DNA virus. The WSSV belong to the Nimaviridae family, and is a 
major pathogen in the cultured penaeid shrimp. It has a wide range of hosts in 
crustaceans, a high infection and mortality rate, and is hard to be controlled. Therefore, 
WSSV is not only a major threat to the shrimp industry but also to the marine ecology 
and environment. This thesis mainly focus on functions of the virus structural proteins. 
In addition, the thesis is also concerned about the nucleocapsid assembly research. 
The work mainly includes the following aspects: 
VP26, the product of the wsv311 gene of WSSV, is a major structural protein of 
virus. We believed that VP26 protein was present in both the envelope and the 
nucleocapsid fraction. We found that the biotin label was transferred from Bio-rVP26 
to the viral nucleocapsid protein VP51 or from Bio-MBP-VP51 to VP26 by using the 
biotin label transfer technique. Far-Western analyses provided further evidence for 
direct interaction between VP26 and VP51. Therefore, we concluded that VP26 
functions as a matrix-like linker protein between the viral envelope and nucleocapsid, 
which suggested that VP26 is a key factor in the envelopment of WSSV virion. 
On the basis of the interaction between VP51 and VP26, using the constructed 
pET-His-rVP26 as the template, we designed suitable primers and amplified the VP26 
mutational gene fraction. The mutants of VP26 were overexpressed and purified. We 
tried to find the available sites of VP26 which might bind to VP51 by using 
Protein-Protein interaction experiment.   
The VP26 duouble-stranded RNAs(dsRNAs) were synthesized in vitro and 
injected into the infected shrimp. At different time we extracted the virus genome by 
using WSSV detection kit. To observe the influence on the WSSV virion, we analysed 
the RNAi influence on formation and proliferation of the virion by real-time PCR, 
cryostat section and transmission electron microscope(TEM). 
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NaCl at high concentration. DNA fibres were found to be extruded quantitatively 
from virtually capsids by TEM. All the treated nucleocapsid sample were seperated 
into two fractions, supernatant and pellet by centrifugation at 50,000 × g for 30 min 
and performed by SDS-PAGE. The result showed that only soluble VP95 appeared in 
the supernatant which might be dissocited from the treated nucleocapsid. VP95 were 
located in the place between envelope and nucleocapsid. RNAi showed that when 
vp95 gene silenced, the WSSV without DNA can be observed by TEM. This fully 
demonstrated VP95 is a key protein in the process of DNA package into capsid. We 
proposed that VP95 act as a plug-like protein to protect the viral genome from 
extruding from nucleocapsid in the process of virus assembly. When TE or high salt 
was added in to the nucleocapsid suspension, the genome delivery underwent 
significant conformational change of the capsid, whereby the plug-like VP95 is 
removed and the portal open up. Thus, the DNA fibers released from the channel of 
nucleocapsid vertex . 
In conclusion, it is meaningful to study the properties and interactions between 
envelope proteins which may help us to better understand the invasion, assembly, 
maturation and release mechanisms of WSSV. Further more, exploration of exact 
molecular mechanisms of virion morphogenesis will lay the scientific basis for WSSV 
prevention. 
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